ABSTRACT -The objective of this paper was to evaluate the effect of nitric oxide (NO) as a protecting agent of sesame seeds submitted to different concentrations of cadmium. The treatments were: water (control), water increased by sodium nitroprusside (SNP) and other treatments regarding the concentrations of cadmium increased by SNP. The following determinations were done: germination, first count of germination, germination speed index, length of hypocotyl and radicle and dry matter of hypocotyl and radicle, besides quantification of enzyme activities, superoxide dismutase, catalase, ascorbate peroxidase and total peroxidases. The statistical design was entirely randomized with five replicates. The data was submitted to a variance analysis and the averages obtained for the treatments were compared by the Tukey test at 5% significance. The averages obtained in the treatments with and without SNP were compared by the F test at 5% probability. The NO due to the application of SNP was beneficial, providing an increase in germination, vigor and growth of seedlings. There was a progressive increase of the antioxidant enzymes activity in the period of 0 to 24 hours, showing an organization of the antioxidant system in the sesame seeds throughout germination time.
Introduction
Problems related to the pollution and its harmful effects on living organisms are highly important. The heavy metals, currently mentioned as trace elements or persistent organic pollutants are increasingly assuming a prominent role in the concern with the environment (Wani et al., 2012) . Among these metals, cadmium (Cd) stands out for easily accumulating in living organisms (Bridgen et al., 2000) .
The accumulation of these contaminating elements in plants may provoke several physiological damages, causing growth disorders (John et al., 2009) , and structural and ultrastructural alterations in the plants (Kasim, 2006) . In addition, high levels of cadmium may affect germination and the initial growth of seedlings, besides the oxidative stress and lipid peroxidation in plant tissues where they are found (Zhang et al., 2007) .
With the intensification of the seeds metabolism during the germination process, there is usually production of reactive species of oxygen (EROs) that can be increased in the presence of stressing agents, such as cadmium. However, antioxidant enzyme systems act and are an important primary defense against the free radicals generated in seeds in stress conditions, such as superoxide dismutase (SOD), catalase (CAT), peroxidases (POX), and ascorbate peroxidase (APX).
Studies show that chemical compounds, such as nitric oxide (NO) act in the protection of plants exposed to stress factors. The multifunctional molecule that acts in several physiological events is also cytoprotective, due to its capacity of regulating the level and toxicity of EROs. Sodium nitroprusside (SNP) is currently the most used donor of nitrogen oxides that produce NO.
Some results show the efficiency of NO in promoting germination. Seeds of Plathymenia reticulata, submitted to accelerated aging, had their germination increased when SNP was applied (Pereira et al., 2010a) . In studies with seeds of yellow lupine (Lupinus luteus), Kopyra and Gwózdz (2003) reported that SNP had a considerable effect on the promotion of germination in stress conditions, caused by the presence of lead and cadmium, indicating the efficiency of NO against the negative impact of the heavy metals on germination.
The introduction of crops of sesame in regions of Brazil is highly interesting, once it presents several nutritional and socio-economic advantages. However, studies related to the germination physiology of sesame seeds are important in order to favor the correct handling of the species and to get to know its tolerance and/or sensitivity to heavy metals, frequently found in environments where there was human intervention. The objective of this paper was to investigate the effect of NO as a protecting agent of sesame seeds submitted to different concentrations of cadmium, through evaluations of physiological characteristics and activity of the antioxidant enzymes.
Material and Methods
The research was carried out in the Forest Seeds Testing Laboratory of the Forest Science Department, at the Federal University of Viçosa. Sesame seeds (Sesamum indicum) harvested in 2013 were used.
Initially, preliminary tests were done to determine the concentrations of cadmium chloride (CdCl 2 ), and the NO donor solution (Sodium nitroprusside -SNP) to be studied. The concentrations of cadmium were established so that they would interfere negatively in the germination of seeds, without killing them. The amount of SNP was the one capable of reversing or mitigating the actions of the metal. After that, the sesame seeds, in five replicates of 50, were put to germinate on a paper towel moistened with 3 mL of the solution, referent to the following treatments in Petri dishes: water (control), water increased by SNP and other treatments regarding the concentrations of cadmium and cadmium increased by SNP: 800 µM of CdCl 2 , 800 µM of CdCl 2 +200 µM of SNP, 600 µM of CdCl 2 , 600 µM of CdCl 2 +200 µM of SNP, 400 µM of CdCl 2 and 400 µM of CdCl 2 +200 µM of SNP, summing up to a total of eight treatments. The seeds of each treatment were kept in B.O.D. regulated with alternate temperature of 20-30 °C, with the presence of constant light (Brasil, 2009 ).
The following evaluations were done: Germination percentage: in the sixth day after sowing, the percentage of normal seedlings was evaluated.
First germination count: consisted of a record of the number of normal seedlings obtained in the third day after sowing, and the values were expressed in percentage.
Germination speed index: daily counts were done of the number of seeds that issued a radicle higher than 1.0 mm and were calculated according to Nakagawa (1999) .
Length of the hypocotyl and the radicle: the seeds of each treatment, in five replicates of 25, were sown in gerbox, following the methodology described above for the germination test. A measurement of the length of hypocotyl was done in the seedlings classified as normal with the help of a graduated ruler. The results were expressed in cm. seedling -1 . Dry matter of the hypocotyl and the radicle: the seeds used to measure the length of the hypocotyl and the radicle were separated in hypocotyl and radicle, and later dried in an oven for 72 hours at 65 ºC . The results were expressed in mg.seedling -1 . Activity of the main enzymes of the antioxidant system: determined by using the seeds soaked for 12 and 24 hours in water and in solutions of cadmium and cadmium increased by SNP. The enzyme extracts were obtained by maceration of 0.2 g of seeds in ice, followed by the addition of 2.0 mL of the following means of homogenizing: potassium phosphate buffer 0.1 M and pH 6.8, ethylenediaminetetraacetic acid (EDTA) 0.1 mm, phenylmethylsulfonyl fluoride (pmsf) 1 mm and polyvinylpolypyrrolidone (pvpp) 1% (p/v). After that, the extract was centrifuged at 15,000 g for 15 minutes at 4 o C and the supernatant was collected, where determinations were done on the activities of ascorbate peroxidase enzyme (APX), peroxidase (POX), catalase (CAT) and superoxide dismutase (SOD).
The activity of peroxidase ascorbate (APX) was determined by the addition of 200 µL of raw enzyme extract at 2.9 mL of reaction medium of ascorbic acid 10 mM and H 2 O 2 10 mM in potassium phosphate buffer 100 mM, pH 6.0. A decrease in the absorbance was observed at 290 nm, at 25 ºC, during the first minute of the reaction. The enzyme activity was calculated using the molar extinction coefficient of 2.8 mM -1 .cm -1 and expressed in µmol min -1 .mg -1 of protein (Nakano and Asada, 1981) .
The activity of peroxidase (POX) was determined by the addition of 50 µL of raw enzyme extract at 2.97 mL of reaction medium composed of potassium phosphate buffer 100 mM and pH 6.8, pyrogallol 150 mM and hydrogen peroxide 125 mM (Kar and Mishra, 1976) . The increase in the absorbance during the two first minutes of reaction at 420 nm at a constant temperature of 25 ºC determined the production of purpurogallin. The enzyme activity was calculated using the molar extinction coefficient of 2.47 mM -1 .cm -1 and expressed in µmol min -1 .mg -1 of protein. To quantify the CAT activity, 0.98 mL of sodium phosphate buffer 0.05 M pH 6.8, H 2 O 2 0.0125 mM, dissolved in an adapted buffer of Madhusudhan et al. (2003) was added to a 30 μL enzyme extract. The enzyme activity was determined by the follow up of the absorbance drop at 240 nm, for 2 minutes, in intervals of 15 seconds, and calculated based on the extinction factor of 36 mM -1 .cm -1 . The activity of superoxide dismutase (SOD) was determined by the addition of 30 µL of raw enzyme extract at 2.95 mL of the reaction medium composed of sodium phosphate buffer 100 mM at pH 7.8, methionine 50 mM, p-nitro blue tetrazolium (NBT) 1 mM, EDTA 5 mM and riboflavin 100 mM. The reaction was conducted at 25 ºC in a reaction chamber under lighting of a 15 W fluorescent lamp, kept inside a box internally coated with foil. After five minutes of exposure to the light, the lighting was interrupted and the blue formazan produced by NBT photo reduction was determined by the absorption at 560 nm in a spectrophotometer. A SOD unit was defined as the amount of necessary enzyme to inhibit the NBT photo reduction in 50%. The SOD activity was expressed in U min -1 .mg -1 protein.
To determine the content of proteins, the method used was Bradford (1976) with a standard curve constructed with bovine serum albumin (BSA) as a reference protein.
For all determinations, the statistical design was entirely randomized with five replicates. The data was submitted to a variance analysis and the averages obtained for the treatments were compared by the Tukey test at a 5% significance. The averages obtained in the treatments with and without SNP were compared by the F test at 5% probability and for the enzyme determinations the Tukey test was also used, at 5% significance.
Results and Discussion
The sesame seeds had their germination inhibited under stress by cadmium, with germination of 98.4% in great conditions (germination in water), 36.4% in high concentration of cadmium (800 µM of CdCl 2 ), 42.8% in intermediate concentration (600 µM of CdCl 2 ) and 56% in low concentration (400 µM of CdCl 2 ) ( Figure 1A ). Comparing the values of germination obtained in water and in greater cadmium concentration, a sharp reduction of 62 percentage points was seen.
The application of SNP did not affect the germination of seeds in water, which was more or less expected, since the germination conditions were ideal ( Figure 1A ). The application of SNP in all treatments with Cd allowed the significant increase of germination regarding the SNP treatments. Therefore, in high, intermediate and low concentrations, SNP reversed the damaged caused by cadmium, providing an increase in germination of 13.2, 19.6 and 8.4 percentage points, respectively ( Figure 1A) .
Through the vigor, germination first count (FC) and germination speed index (GSI) tests, it is seen that the cadmium, in any of the tested concentrations, affected negatively the performance of the seeds, reducing germination speed ( Figures 1B and 1C) . In optimum conditions, the FC was 94.8%, and the GSI was 29.72, causing a significant drop under stress by Cd, with values of 24.4% and 9.99 for FC and GSI, respectively, in a greater concentration of cadmium, 31.6% and 10.35 for the intermediate concentration and 30.8% and 10.9 for the lowest concentration.
After the application of SNP, there was a significant increase in the values of FC in relation to the treatments without SNP, for all tested concentrations of cadmium ( Figure 1B) . On the other hand, the application of SNP did not cause a significant increase in the germination speed (GSI) when comparing to the treatments with cadmium ( Figure 1C ). This behavior may be related to a possible time of response of the SNP action in restoring or minimizing the damaging actions of the Cd. Chugh and Sawhney (1996) associate the drastic effect of cadmium in germination of seeds to the reduction of the activity of α and β amylases, which compromises respiration, causing inhibition of the growth of the embryonic axis and the radicle. Moreover, the phytotoxic effect of cadmium promotes a disorder in the development and cellular differentiation, resulting in abnormal seedlings and decreasing the percentage of normal seedlings in germination (Rossi and Lima, 2001) . and recovering germination partially. It is highlighted that the action of SNP is efficient in increasing germination, but not in restoring it before the application of cadmium. The radicle is the smallest mechanic resistance point and it is the first region to be in contact with the solution, being one of the main entryways of toxic metals. It is possible that this is the first organ to suffer damage because of these elements, and the other organs are harmed after the transportation of these metals, or as a consequence of its damaging effects in the radicle itself. A significant reduction was seen along the length of the radicle when the seeds were treated in a cadmium solution in relation to the seeds soaked in water ( Figure 2B ). It is observed that the development of the radicle was more compromised by the concentrations of the metal than the aerial part (Figures 2A,  2B) . It is noted that there was no formation of roots in most part of the treated seedlings in relation to the control (Figures 3A and 3B, C and D). Accioly et al. (2004) , working with seeds of Eucalyptus camaldulensis observed a greater content of Cd on the radicle in relation to the aerial part, being an indication of the non-translocation of this metal.
Long exposures to the radicle system of the plants to Cd lead to the manifestation of a set of symptoms that express the continuous effect of this ion on the growth of the radicular system, among them, the darkening of the radicle ( Figure 3D ).
These same symptoms of toxicity by Cd were observed in species of Eucalyptus maculata and Eucalyptus urophylla after a week of exposure to the stressing element, in which the radicles presented a smaller development and darkening in concentrations of 180 µM of Cd (Soares et al., 2005) .
A greater accumulation of the dry matter in the control seedlings that presented MSH of 20.07 mg.seedling-¹ and 19.54 mg. seedling-¹ of MSR ( Figures 2C and 2D, respectively) . In the highest concentration of cadmium, there was a reduction of 58.4% and 83% in the MSH and MSR regarding the control, respectively. The application of NO, through SNP, NO donor molecule, was able to partially reverse the reduction of MSR, only in the smallest concentration of cadmium.
Regarding the defense mechanism of the sesame seeds, a greater activity of the SOD, CAT, APX and POX enzyme (Tables 1 to 4, respectively) with a progressive increase of the soaking period of 0 to 24 hours, for basically all treatments. These results indicate an apparent organization of the antioxidant system in the sesame seeds as time goes by. However, it was seen that the period between 0 h and 12 h did not statistically differ the treatments in relation to the control for all the enzymes, with the exception of SOD, showing that these times are not enough for the organization of the antioxidant apparatus in sesame seeds submitted to stress by cadmium, or that possibly the toxic effect of cadmium 
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*Averages followed by the same uppercase letter do not differ among each other by the Tukey test at 5%. **Averages of each treatment with and without SNP followed by the same lowercase letter do not differ from each other by the F test at 5% probability. The bars correspond to the average standard deviation (n = 5).
According to Kopyra and Gwózdz (2003) , NO stimulates germination in situations of high concentrations of heavy metals. Beligni and Lamattina (2002) reported that NO acts as an inductor of the germination process, increasing germination in the treatments with SNP. Exposure of seeds to the heavy metal caused an increase of the reactive species of oxygen produced due to some biological dysfunction caused by cadmium, such as the interference in the action of channel proteins or its negative action in the enzyme activity (Hasan et al., 2009) . The use of SNP as a NO donor increased germination, probably due to its regulation capacity or elimination of these EROs, reducing the oxidative stress was not expressive until the 12-hour period. In the 24-hour period, it is possible to see the difference in the activity of the enzymes in relation to the control in basically all treatments. In the initial time (0 h), there was no contact of the seeds with the solutions of cadmium or cadmium increased by SNP, so there is no contamination of the seeds. Therefore, the values of each enzyme were calculated, attributing a fixed value for all treatments in this time. ) of seedlings of Sesamum indicum in the tests conducted in substrate moistened with water (control), water + SNP, cadmium solution 800 µM, and 800 µM of CdCl 2 + SNP, 600 µM of CdCl 2, and 600 µM of CdCl 2 + SNP, 400 µM of CdCl 2 and 400 µM of CdCl 2 + SNP. *Averages followed by the same uppercase letter do not differ from each other by the Scott-Knott test at 5%. **Averages of each treatment with and without SNP followed by the same lowercase letter do not differ from each other by the F test at 5% probability. For all the enzymes in the interval of 24 hours, it is seen that the application of Cd solutions stimulated the antioxidant system of the seeds, and this increase is more expressive in higher concentrations of the solution. However, a higher activity of the enzymes may be seen in the treatments increased by SNP, which suggests detoxifying activity of these molecules in seeds submitted to stress by cadmium (Tables 1 to 4, respectively) .
SOD is considered the first antioxidant line of defense against EROs (Valko et al., 2006) , which explains the increase of the activity in relation to the control in the first 12 hours of soaking (Table 1) . *Averages followed by the same lowercase letter in the column do not differ among each other by the Tukey test at 5% probability. **Averages followed by the same uppercase letter in the row do not differ from each other by the Scott Knott test at 5% probability. Average ± standard deviation. ------17.14 18.34 *Averages followed by the same lowercase letter in the column do not differ among each other by the Tukey test at 5% probability. **Averages followed by the same uppercase letter in the row do not differ from each other by the Scott Knott test at 5% probability. Average ± standard deviation.
CAT is responsible for removing the hydrogen peroxide present in high concentrations in peroxisomes, protecting the cells from oxidation damage (Kibinza et al., 2011) . On Table  2 , an increase is seen in the activity of CAT in relation to the control in all treatments of 24 hours; however, in opposition to what happened to the SOD, there was a decrease in the activity of the enzyme in higher concentrations of the metal, as well as in the treatments with SNP. Several factors can affect the catalase activity, such as the stressing toxic agent, its used concentration, the time of exposure and the plant species, which, to a certain extent, can make this enzyme activity be submitted to great variations (Pereira et al., 2010b) . This decrease in the CAT activity can also be related to the inhibition of the synthesis of the enzyme in the presence of cadmium.
The (Noctor and Foyer, 1998) . Given the importance of this enzyme in the antioxidant defense of the plants, the increase of its activity has been presented by several species when exposed to different toxic agents (Moller et al., 2007) . On Table 3 , APX activity can be verified. At 0 h, there was no enzyme activity (data not presented) possibly due to some
As mentioned by Moller et al. (2007) , the action of these toxic agents such as the Cd affects the action of enzymes of oxidative stress. Consequently, these elements can interfere in the cellular metabolism during germination, causing damages that can compromise the vigor and the quality of the seeds. We believe that more efforts must be done in the sense of evaluating the complexity of these damages and finding a way to mitigate them, once the contamination of soils by toxic elements is an ever-increasing concern for agriculture.
Conclusions
The increase in the concentration of cadmium in the soaking solution reduces germination and vigor of the sesame seeds and the initial growth of the seedlings, showing a possible toxic effect of this element to the seeds. The SNP seems to partially reverse the damage caused by the heavy metal.
Mitigation of a damaging action of cadmium by the use of SNP occurs due to the increase of the activity of the antioxidant enzymes, showing an elimination system of the species reactive of oxygen which occurs after the application of the NO donor in response to exposure to heavy metal. methodology mistake during the determination of its activity. In the interval of 24 hours after the beginning of soaking, similarly to what happened to the SOD (Table 1) , the activity of peroxidase of ascorbate (APX) and peroxidase (POX) ( Tables  3 and 4 , respectively) increase in the higher concentrations of cadmium. It was also possible to see greater activity in both the enzymes in the treatments increased by SNP. Table 4 . Activity of the peroxidase enzyme (POX) in seeds of S. indicum after 0, 12 and 24 hours of soaking in different concentrations of cadmium added or not by SNP.
*Averages followed by the same lowercase letter in the column do not differ among each other by the Tukey test at 5% probability. **Averages followed by the same uppercase letter in the row do not differ from each other by the Scott Knott test at 5% probability. Average ± standard deviation
